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Description 

The prior art polymerization of a norbornene-type monomer in the presence of a metathesis catalyst system is 
characteriz d by ring opening of the monomer and formation ol a polymer that can have pendant unsaturation in the 

s cyclic structure. Physical properties can be further enhanced by using a catalysl component which further cleaves an- 
other cyclic structure in the polymer 

The prior art polymerizations are generally carried out in bulk in substantial absence of a solvent for the nor- 
bornene-type monomer or a mixture thereof. Such a process is referred to as reaction injection molding or RIM and 
results in a thermoset polymer which is polymerized in a mold and extracted therefrom in a short period of time such as 

io one quarter ol an hour, preferably less than one minute, depending on the size of the article extracted from the mold. 
Such a method is characterized by combining a plurality of reactani streams, one containing the catalyst of the metathesis 
catalyst system and a second containing the cocatalyst. and at least one stream containing a norbornene-type monomer 
or a mixture thereof; and then injecting the mixed streams into a mold where polymerization results in a tough, rigid 
thermoset polymer wilh high Hexural modulus and excellent impact strength. 

is Reinforcing agents or fillers have been used in the past in making reinforced polynorbornene products. These are 

materials which can increase the polymer's fiexural modulus with only a small sacrifice in impact resistance. Possible 
reinforcing agents and fillers include glass fibers, wollastonite, mica, carbon black, talc and calcium carbonate. The 
amount of such agents can vary up to 75%, based on the weight of the final product, preferably 1 to 40% by weight 
The addition of reinforcing agents and fillers is also known to decrease shrinkage of the molded product 

20 There arc differences between pafiicutaio tiiicrs and reinforcing agents. Examples of tillers arc calcium carbonate, 

talc, clays, carbon black : and, the like whereas examples of reinforcing agents are minerals such as wollastonite and 
fibers such as aramid. graphite, polyethylene, vegetable, glass, and the like, especially glass. Fillers are normally used 
as bulking agents to reduce cost of the final product whereas reinforcing agents are used with the primary objective to 
improve physical properties of the final product. It is intended here to cover both. Product cost can also be reduced by 

25 using fillers and/or reinforcing agents in the final product For purposes herein, the term ■substrate 1 ' denotes both rein- 
forcing agents and fillers. 

In conducting the RIM polymerization discussed herein, the catalyst and cocatalyst are kept in separate tanks to 
prevent initiation of polymerization. Polymerization commences violently when catalyst and cocatalyst are brought to- 
gether. By using modifiers with cocatalysts, a less violent polymerization at a more uniform rate can be carried out. Such 
30 modifiers include ethers, esters, ketones and nitriles. 

There is another way to attenuate or lessen the action of the metathesis cocatalyst in order to carry out the polym- 
erization. By introducing an alkoxy or aryloxy group into the alky! aluminum halidc cocatalyst, it is thus possible to 
diminish or reduce the reducing power thereof so that controlled polymerization can be conducted. 

This invention pertains to j asubstrate having on its surface a coating s electedjr om the group consisting ol jinq 
35 opening m etathesis catalysts, ring opening metathesis cocatalysts, and mixtures thereof wherein said substrate is se- 
lected from the group^consisting es sentially of glass fibers ; aramid fibers, graphiteJ bgjs^iuL^^ 

and to a process for making a reinforced polynorbornene product by introducing a substrate into a mold, the substrate 
material having thereon a metathesis catalyst components), introducing a monomer mixture into the mold, the monomer 
mixture containing at least one norbornene-type monomer, and il necessary, introducing the other metathesis catalyst 
40 component; allowing the norbomene monomer(s) to polymerize by ring opening to form a thermoset polynorbornene 
type product, and extracting the product from the mold. 

The gist of this invention resides in applying a metathesis catalyst or cocatalyst component or a mixture thereof to 
- a substrate. The catalyst and/or cocatalyst component is preferably insensitive to air and oxygen and can be applied to 
the substrate from an aqueous or an organic medium in which the component may or may not be soluble. The component 
45 can be applied to the substrate by itself or in another composition, such as a sizing solution. By the use of this invention, 
a molder can place a substrate coated with a catalyst or cocatalyst into a mold : introduce the monomer solution into the 
mold whereby the monomer solution would flow around the coated substrate and extract a thermoset molded product 
from the mold. I n this manner, the need for a separate monomer stream containing the catalyst or cocatalyst is obviated 
as weil as the need to mix the catalyst stream with the cocatalyst stream before injecting the mixed streams into the mold. 
so The reinforcing or filler material, orsubstrate. may be glass, graphite, aramid fibers, wollastonite. mica, carbon black, 

talc, calcium carbonate or mixtures thereof. For example, the reinforcing material can be in the form of mats made of a 
continuous strand of glass fiber with a density of 457.7-610.3 g/m 2 (1.5-2.0 oz/ft. 2 ), such as random glass mat OCF 
8608 or random glass mat OCF 861 0 from Owens Corning Fiberglas Corporation. To obtain even greater reinforcement, 
mats of graphite fibers or Kevlar® aramid fibers can be used. Examples of these are mats of woven AS-4 or AS-6 
ss graphite fibers of density 305.1-467.7 g/m 2 (1 .0-1 .5 oz/ft 2 ) from Hercules Incorporated. 

Preferably, the mat is made up of fibrous material which is wovea intertwined or interlaced. Due to such weaving, 
intertwining or interlacing, the fibers of the mat are substantially interdependent in their response to forces applied to 
the mat The mat can be made, for exampla from chopped rovings by pulling vacuum while spraying chopp d rovings 
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and a binder solution onto a shaped screen which can then be passed through a heated tunnel or oven to set the 
polymeric binder on Ihe chopped rovings. Olher lypes of mals include woven roving, random mals, needled mals, and 
preformed shapes made by such processes. 

The fiber mats can be made from long fibers or from short fibers. Long or continuous fib rs ar generally consid red 

5 to be 5.08 cm (2 inches) in length and longer whereas short fibers are generally considered to be about 5.08 cm (2 
inches) and shorter. Continuous glass fiber mats are known which are 279 m (110 inches) wide and are made Irom 
chopped strands 5.08 cm (2 inches) long. 

Therefore, in accordance with the invention disclosed hereia a glass fiber mat can be dipped in a solution or dis- 
persion of the catalyst and/or cocataly6t to obtain a glass fiber mat that is virtually indistinguishable from the original 

70 mat but containing sufficient level of the catalyst and/or cocatatyst thereon. The catalyst and/or cocatalyst can be solu- 
bilized in an organic solvent or dispersed in water or another medium in which it is soluble or insoluble. The solvent or 
medium is removed by drying before the mat is ready lor use. The catalyst and/or cocatalyst level can be adjusted by 
varying concentration of the catalyst and/or cocatalyst in a medium, be it organic, inorganic or aqueous. The catalyst 
and/or cocatalyst level can also be adjusted by varying other process parameters, such as the dipping period which can 

is be 1/4 of a minute or less. 

The catalyst and/or cocatalyst can also be incorporated in a sizing for the substrate. Traditional sizings for glass 
are applied as water solutions or dispersions. Sizings are applied to substrate, such as glass fibers, because glass fibers 
are very fragile and need a sizing agent. Sizings often contain organosilane such as vinyl triethoxy silane or styryl 
triethoxy silane or rn ethacryl triethoxy silane or gamma-am inop ropy I triethoxy silane. When fiber mats are made, a binder 

20 is required to provide iho rnai with nandiing sircngtn. These binders arc typically a polyester powder which is sprayed 
onto the mat ancTthen heated to melt the powder. After cooling, the powder binders based on polymers tack or bind the 
mat together. Alternately, latexes, such as acrylic latexes, and polyester emulsions, have been used. 

The catalyst and/or cocatalyst and the binder can be included in a sizing formulation. Such sizings include a me- 
tathesis catalyst and/or cocatalyst, an organic silane to act as a coupling agent for the substrate, a lubricant to improve 

25 handling of the coated substrate, an antistatic agent to reduce the static electricity on the treated substrate, afilm former 
to act as a binder for the substrate if a mat is to be prepared, and other optional ingredients to improve the substrate in 
whatever form it may be used. 

To improve coupling of the metathesis catalysts and/or cocatalysts to the substrate, especially when the substrate 
contains glass, silica or alumina the catalysts and/or cocatalysts can be provided with at least one silyl moiety. Such 

30 modified catalysts, for example, can be selected from silyl organoammonium molybdates and tungstates and can have 
the following formula; 

MyO£ + N - <CH 2 ) X - Si(OR 1 ) 3 

35 R 3 

where x is I or larger, M is molybdenum (Mo) or tungsten (W), and y and z are chosen to give active molybdate or 
tungstate moiety. A specific example of such silyl catalysts is trimethoxysilyloctyltrimethylammonium molybdate, which 
has the following formula: 

40 

Mo 8 0 2 6 [ N - <C H 2)8 - Si(OCH 3 ) 3 ] 4 
(CH 3 ) 3 

*s The advantage of such silyl organoammonium molybdates and tungstates is that they can be used to support or 

affix the catalyst to a substrate, especially a substrate containing silica, glass, alumina, or the like. The silyl molybdates 
and tungstates can be synthesized in an alcohol or through a route in which the Si-OR groups are not hydrolyzed. 

The catalyst and/or cocatalyst solution or dispersion, applied from a sizing formulation or otherwise, can also contain 
other components. Examples of such other components include elastomers, blowing agents, fillers, flame relardanls, 

so and the like. 

The ring-opening metathesis catalyst system is composed of a metathesis catalyst component and a metathesis 
cocatalyst component or catalyst and cocatalyst. The known ring-opening metathesis catalyst systems for use in bulk 
polymerization ol norbornene-type compounds are acceptable herein. Examples of the catalysts include halides, oxy- 
halides, oxides and organic salts of tungsten, morybdenurn and tantalum. Specific examples of the catalysts include 
ss tungsten hexachloride, tungsten oxytetrachtoride, tungsten oxide tridodecylammoni urn tungstate, methyltri^ 

nium tungstate. tri(tridecyi) ammonium tungstate, trioctylammonium tungstate, molybdenum pentachloride, molybde- 
num oxytrichloride, tridodecylammonium molybdate, methyltricaprylammonium molybdate, lri(tridecyl)ammonium mo- 
lybdate, trioctylammonium molybdate, and tantalum pentachloride. It is preferred to use catalysts which are soluble in 
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one or a mixture of norbornene-typ monomers. From this viewpoint, organoammonium motybdates and tungstates are 
used. 

If the catalyst is a ha lid e, it can be solubilized in one or a mixture of the norbomene-type monomers by pretreatment 
with an alcoholic or a phenolic compound. Furthermore, if necessary, complexing agents can be used in combination 
s therewith. Examples of the complexing agents include benzonitrile, telrahydrofuran. and other Lewis bases, acetyl ac- 
etone; and alkyl esters of acetoacetic acid. By doing this, pre-polymerization can be prevented. 

The organoammonium motybdates and tungstates suitable herein as metathesis catalysis have the following struc- 
tural formulas: 

P4N] (2y . 6)e) M x O y [R;NH] (2y . 6x) M,O y 

where M is molybdenum or tungsten; O represents oxygen; x and y represent the number of M and O atoms in the 
molecule based on the valence of 46 for molybdenum. +6 for tungsten, and -2 for oxygen; and R and R 1 radicals can 
be same or different and are selected from hydrogen, alkyl and alky lene groups of 1 to 20 carbon atoms, and cycloaliphat- 
ic groups each of 5 to 16 carbon atoms. These catalysts are insensitive to air and moisture. 
is Other metathesis calalysls suilable herein include organoarsoniumand organophosphonium molybdales and lung- 

states. These catalysts are characterized by the following structural formulas: 

where Z is the element arsenic or phosphorus; M is molybdenum or tungsten; O represents oxygen; x and y represent 
the number 01 fvi and O aioms in the molecule based on the valence of +6 for molybdenum, +6 for tungsten, and -2 for 
oxygen; and R and R 1 radicals can be same or different and are selected from hydrogen, alkyl and alkylene groups of 
1 to 20 carbon atoms, and cycloaliphatic groups each of 5 to 16 carbon atoms. These catalysts are also insensitive to 
air and moisture. 

Still other metathesis catalysts suitable herein, include the organoammonium, organophosphonium and organoar- 
25 sonium heteropolymolybdates and heteropotytungstates. These catalysts are also insensitive to air and moisture. 

The metathesis catalyst for ring-opening polymerization of anorbomene-type monomer or a mixture thereof is used 
at a level of 0.05 to 1 weight part based on 100 weight parts of all norbomene-type monomers, preferably 0.1 to 0.7 
weight part. 

The cocatalysts or activators are selected from the organoaluminums such as trialkylaluminums, alkylaluminum 
30 hydrides, alkylaluminum halides, aikoxyalkylaiuminum haiides, aryloxyalkylaluminum halides, and metailoxyaikylalumi- 
num halides; organic tin compounds; and organic lead compounds. The alkylaluminum haiide cocatalysts initiate po- 
lymerization immediately upon mixing thereof with a metathesis catalyst. Initiation of polymerization can be delayed by 
using a modifier selected from esters, ethers, ketones, and nitriles, as is well known in the art, especially ethyl benzoate, 
butyl ether or diethylene glycol dimethyl ether. 
35 Preferred metathesis cocatalyst6 are selected from the aikoxyalkylaiuminum haiide and aryloxyalkylaluminum haiide 

cocatalysts defined as follows: 

• (RO) a R^AIX c 

where R is selected from alkyl and phenyl radicals; R 1 is selected from alkyl radicals; x is a halogen; the sum of a. b 
40 and c is 3.0 and each one of these parameters defines the equivalents of the moieties in the cocatalyst. This group of 
preferred cocatalysts includes aikoxyalkylaiuminum chlorides and iodides and phenoxyalkylaluminum chlorides and 
iodides, especially propoxyethylaluminum chloride and the sesquichloride. The alcohol can be added separately from 
" the alkylaluminum haiide cocatalyst and the alcohol reacts in situ to form the final cocatalyst. These cocatalysts are 
soluble in norbornene-type monomer or mixtures thereof and can have a variable pot life depending on the amount of 
45 alcohol or the alkoxy moiety used to moderate it The more alcohol used the longer is the pot life ol the system using 
the aikoxyalkylaiuminum or phenoxyalkylaluminum haiide cocatalysts. 

Preferred metathesis cocatalysts also include metaloxyalkylaluminum halides defined as follows: 

(R n MO) a R^AIX c 

50 where M is a metal selected from tin, lead : and aluminum; R and R ( are individually selected from organic groups, 
especially lower alkyl groups and phenyl groups, n is 2 or 3, depending on the metal; X is a haiide; and the 6um of a, b 
and c is 3.0, each parameter deFining the equivalents of the moieties in the cocatalyst. 

Also included in the preferred metathesis cocatalysts are the organic tin compounds selected from alkyltin cocata- 
lysts of lower alkyl tetraalkyltins, such as telrabutyltin. lower alkyl trialkyltin and triaryltin hydrides such as tributyltin 

55 hydride, triphenyltin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride, tetraethyltin and tetrabutyttin. 
Also preferred are the organic lead compounds selected from alkyllead cocalalysls such as lelraelhylead. These cocat- 
alysts are insensitive to air and moisture and can be handled in air without special precautions which are needed with 
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the alkoxy and aryloxy alkylaluminum halides and the oth r metathesis cocataiysts. 

The meLalhesis cocalalysts lhal are air insensitive can be applied lo the reinforcing material from an organic or 
aqueous medium or be included in a sizing composition. The resulting air and moisture stable reinforcing material, 
especially glass fibers, can be used in the manufacture of structural polymeric matrix composites where the polym r 
5 matrix is partly or wholly composed of polymerized norbornene-type monomer or a mixture thereof. Sam or similar 
conclusions apply to reinforcing material coated with a metathesis catalyst. 

There are metathesis catalyst and metathesis cocatalyst systems which can be combined at room or ambient tem- 
perature without reacting or causing initiation of polymerization. Such catalysts and cocatalysts can be applied to a 
substrate from organic or aqueous systems in predetermined amounts. Such treated substrate is then placed in a mold, 
70 a norbornene monomer or a mixture thereof is introduced into the mold around the substrate, and the temperature of 
the mold contents is increased to polymerize the monomer(s). This approach has limited application due to the need 
for special metathesis catalysts and metathesis cocataiysts which are inert to each other at room or ambient temperature 
but which initiate polymerization at an elevated temperature. 

As noted above, suitable metathesis catalysts and cocalalysts can be applied lo a substrate Irom an organic or an 
is aqueous system. Suitable solvents for use in the organic systems include aliphatic and cycloaliphatic hydrocarbon sol- 
vents such as pentane, hexane, heptane, octane, cyclohexane, cyclohexene and cyclooctane; aromatic hydrocarbon 
solvents which are liquid or easily liquified such as benzene, toluene and naphthalene; and substituted hydrocarbons 
wherein the substituents are inert, such as dichloromethane, chloroform, chlorobenzene and dichlorobenzene. Aqueous 
systems devoid of flammable and volatile organic solvents offer benefits in certain commercial operations. 
20 whether applied ircrr. Gn organic or an aqueous system, tnc catalyst or cocatalyst deposits on the substrate and 

becomes insoluble or difficult.to (each out in organic and other solvents. This approach requires that the molder introduce 
into a mold a monomer charge with a catalyst or cocatalyst over the treated substrate whereby the monomer charge in 
liquid form flows around the treated substrate to fill all voids and wet the substrate. 

It is preferred to select cocataiysts which are soluble in the norbornene-type monomer and mixtures thereof and 
25 which are relatively insensitive to oxygen and moisture. Between 0. 1 and 1 00 millimoles, preferably 0.2 to 50 millimoles, 
of the metal in the cocatalyst is used per mole of norbornene-type monomer or a mixture thereof. 

The norbornene-type monomers or polycyclcolefins that can be polymerized in accordance with the process de- 
scribed herein are characterized by the presence of at least one norbornene group, identified by formula I, that can be 
substituted or unsubstituted: 
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35 Pursuant to this definition, suitable norbornene-type monomers Include polycyclcolefins and in particular tricyclic and 
higher cyclic olefins selected from substituted and unsubstituted norbornenes, dicyclopentadienes, dihydrodicyclopen- 
tadienes, trimers of cyclopentadiene, and tetracyclododecenes. Examples of preferred monomers referred to herein 
include dicyclopentadiene, tetracyclododecene, methyltetracyclododecene, hexacycloheptadecene. methyl hexacy- 
cloheptadecene. 2-norbomene and other norbornene monomers such as ethyl idenenorbornene, vinyl norbornene, 

40 5-methyl-2-norbornene, S^-dimethyl^-norbomene, 5-ethyl-2-norbomene, 5-butyl-2-norbomene : 5-hexyl-2-nor- 
bornene, 5-octyl-2-norbomene, and 5-dodecyl-2-norbornene. 

The invention especially contemplates preparation of homopolymers, copolymers and terpolyrners of norbornene, 
- methylnorbomene, vinyl norbornene, ethyl idenenorbornene, dicyclopentadiene, tetracyclododecene, methyltetracy- 
clododecene, hexacycloheptadecene, and methyl hexacycloheptadecene. 

45 The monomer or a mixture of norbornene-type monomers can contain up to 20%, preferably 1 to 10%, by weight 

thereol of at least one other copotymerizable monomer. Such other copolymerizable monomers are preferably selected 
from mono- and dicycloolefins containing 4 to 12 carbon atoms, preferably 4 to 8 carbon atoms, examples of which 
include cyclobutene.cyciopentene, cyclopentadiene, cycloheptene, cyclooctene, 1,5-cyclooctadiene, cyclodecene, cy- 
clododecene, cyclododecadiene, and cyclododecalriene. 

so In addition to the metathesis catalyst or cocatalyst in the monomer solution or an organic solvent solution or in an 

aqueous dispersion, in the preferred embodiment where a metathesis catalyst or cocatalyst is deposited on the substrate, 
a halogen source can be used in amount of 0.1 to 2 millimoles thereof per mole of the norbornene-type monomer(s). 

Suitable halogen source herein is any halogen compound which can provide sufficient halogen for polymerization 
of one or more norbornene-type monomers in the presence of the metathesis catalyst system disclosed herein. Such 

ss halogen source is generally selected from non-aluminum metal halides where the metal is selected from tin, antimony, 
germanium and silicon. Depending on th val nc of the metal, the com pound suitable here in as a halogen source can 
contain a full complement of a halogen or it can contain a lesser number of halogen atoms in which case, the remaining 
valence or valences are satisfied by a group selected from hydrogen, alky! and alkoxy groups containing 1 to 6 carbon 
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atoms, and phenyl and alkylphenyl groups containing 6 to 14 carbon atoms. 

Examples of a suitable halogen source are chlorosilanes selecled from dimelhylmonochlorosilane, dimelhyldichlo- 
rosilane, diphenyldichlorosi lane and tetrachlorosilane. Tetrachlorosilane is particularly prelerred. 

In the monomer stream, other ingredients can be used such as elastomers, blowing agents, fillers, and flame re- 
5 tardants. 

In the present invention, an elastomer may be used together with the catalyst or cocatalyst : but preferably with the 
cocatalyst. The elastomers which can be used are natural rubber, polybutadiene, styrene-butadiene copolymer, polyiso- 
prene, styrene-butadiene-styrene block copolymer, styrene-isoprene-styrene block copolymer, ethylene-propylene-di- 
ene terpolymer, ethylene-vinyl acetate copolymer, and their hydrides. The elastomers may be used alone or as a mixture 
70 of two or more. 

If a solution containing a monomer has low viscosity, the viscosity of such solution can be properly adjusted by 
dissolving elastomer therein. 

The blending ratios of these elastomers are ordinarily 0.5-20 parts by weight : preferably 1-15 parts by weight, with 
respecl to 100 parls by weight of the monomer charge. If the blending ratio of Ihe elastomer is loo low, the effecl of 
15 rendering the impact resistance will be small. On the other hand, if it is too high, the viscosity ol the solution will be too 
high and the molding operability will be poor. 

The best mode now contemplated of carrying out this invention is exemplified by the following working examples 
of preferred specific embodiments. This invention is not limited to these specific examples. All percentages are by weight, 
based on the weight of monomer charge, unless otherwise clearly indicated, 

20 

Example 1 

Preparation of Catalyst 

25 In this catalyst preparation, ADOGEN© 340 (commercially available from the Sherex Corporation) was used. This 

material is a long chain fatty amine with a composition NR 3 where R comprises 5% C 14 H 23 , 30% C l6 H 33 and 65% 
C 18 H a 7. 

A. 10 grams ADOGEN® 340 was weighed into a 1000 ml round bottomed flask to which 100 ml methylene chloride 
30 was added to yield a colorless solution. 

B. 1 3.22 grams ammonium molybdatc L(NH A ) 2 M0 2 (^.4H 2 0] was dissolved in 200 ml distilled water to yield a light 
blue solution. 

35 C. 6.24 grams hydrochloric acid (37%) was diluted with 20 ml distilled water to yield a colorless solution. 

D. With stirring, solution B was added to solution A : and thereafter, solution C was added to the resulting solution. 
On mixing, the methylene chloride layer became light yellow in color. This color intensified somewhat after refluxing 
for 1 hour. The methylene chloride layer was separated off, washed twice with distilled water and dried, whereby 
40 the catalyst (R 3 NH) 4 rVl08O26 was obtained (R as described above) as a yellow-brown waxy solid. 

Preparation of Coated Glass Fiber 

Six grams of the above-described organoammonium molybdate was dissolved in 400 g methylene chloride in air. 
45 a section of commercially sized Owens Corning 8608 fiber glass weighing 30.41 g was dipped into this solution for 30 
seconds and then allowed to air dry to constant weight. The final weight of the catalyst coated glass fiber mat was 3070 
g, indicating a catalyst loading of 0.29 g. The coated glass fiber mat was completely dry to the touch. 

Preparation of Cocatalvst Solution 

50 

To a 92.5/7.5 weight mixture of dicyclopentadiene (DCPD) and ethylidenenorbornene (ENB) (131 .3 g) was added 
under nitrogen n-propanol in amount of 3.6 ml of a 1 .0 molar solution in a DCPD/ENB mixture followed by diethylaluminum 
chloride (DEAC, 6 ml of a 0.5 molar solution in a DCPD/ENB mixture and silicon tetrachloride (6 ml of a 0.25 molar 
solution in a DCPD/ENB mixture). 

55 

Polymerization 

The section of catalyst-coated glass fiber mat was placed into a 22.86 cm x 1 5.24 cm x 0.32 cm (9" x 6" x 1/8 inch) 
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aluminum cavity mold. The mold was flushed with nitrogen and heated to 60°C. The cocatalyst solution was then intro- 
duced lo nil the mold around the coaled glass Tiber mal. There was an immediate exolherm which peaked afler 45 
seconds at 143 tt C. After cooling, the mold was opened to reveal a hard, completely solidified glass fiber reinforced 
plaque weighing 97.20 g : approximat ly 31% by weight glass fiber. 

5 

Example 2 

Preparation of Coated Glass Fiber 

70 Three grams of tristridecylammonium molybdate ([(C^H^aNHUMoaO^) was dissolved in 200 g methylene chlo- 

ride under air. A section of Owens Corning 6608 glass fiber mat weighting 41.0 g was dipped into this solution for 30 
seconds and then allowed to air dry to constant weight. The final weight of the coated mat was 41.3 g. indicating that 
0,3 g of the catalyst had been adsorbed onto the glass fiber mat. The mat was a very pale green in color and slightly 
lacky lo Ihe louch. 

15 

Preparation of Cocatalvst Solution 

The cocatalyst component used was stored in a 18.9 I (5-gallon) "Firestone type' can under a pressure of 206.8 
kPa (30 psi) nitrogen. The solution comprised 8323 g , 92.5/7.5 DCPD ENB mixture in which had been dissolved a 
20 commercially available Krator<5> 0-1 1 02 elastomer in amount ol 31 7 g. To this solution under nitrogen was added neat 
44.65 g diethylaluminum chloride, 32.05 g of 24-dimethyl-3-pentano! in. 299.5 g of 32.5,7.5 DCPD/ENB mixture, 3.46 
g n-propanol in 31 .1 g of 92.5/7.5 DCPD/ENB mixture, and 31.46 g neat SiCI 4 . 

Polymerization 

25 

The section of catatyst-coated glass fibei mat was placed into a 22.86 cm x 1 5.24 cm x 0.32 cm (9" x 6" x 1 /8 inch) 
aluminum cavity mold. The mold was flushed with nitrogen and heated to 60°C. The cocatalyst solution was then intro- 
duced. There was an immediate exotherm which peaked after 45 seconds at about 15(yc After cooling, the mold was 
opened to reveal a hard, completely solidified glass fiber reinforced plaque weighing 123.8 g, approximately 33% by 
30 weight glass fiber. 

Example 3 

Preparation of Coated Glass Fiber 

35 

Four milliliters of tetra-n-butyltin was dissolved in 200 ml methylene chloride. A section of woven glass fiber roving 
was placed in an oven at 615°C and baked for 30 minutes after which it was cooled and weighed. The purpose of this 
baking procedure was to remove the sizing agents. The mat weighting 58 g, was dipped into the above-described 
cocatalyst solution in air for approximately 30 seconds and allowed to air dry to a constant weight of 60.40 g indicating 
40 that the glass fiber mat had adsorbed 2.4 g of the tetrabutyftin cocatalyst. 

Preparation of Catalyst Solution 

To a 92.5/7.5 mixture o! DCPD and ENB (160 g) under nitrogen was added 3 ml of silicon tetrachloride as a 0.25 
molar solution in a DCPD/ENB mixlure and tridodecylammonium molybdate ([{C l2 H25) a NH] 4 Mo B 0 25 ) in amount of 4 
ml of a 0.1 normal solution in 92.5/7.5 DCPD/ENB mixture. 

Polymerization 

so The section of cocatalyst -coated glass fiber mat was placed into a 22.86 cm x 1 9. 1 cm x 0. 32 cm (9* x 7 1/2* x 1/8 

inch) aluminum cavity mold. The mold was flushed with nitrogen and heated to 60°C. The catalyst solution was then 
introduced. There was an immediate exotherm which peaked after approximately 3 minutes at 172°C. After cooling, the 
mold was opened to reveal a hard, highly converted glass fiber reinforced plaque with no voids evident weighing 165.0 
g, indicating a glass fiber loading of about 35%. 

55 
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Example 4 

Preparation of Coated Glass Fiber 

Four milliliters of tetra-n-butyitin and 2.0 g tridodecylammonium molybdate were dissolved in 200 ml methylene 
chloride. A section of woven glass fiber roving was placed in an oven at 615°C and baked for 30 minutes after which it 
was cooled and weighed. The mat, weighing 55.5 g, was dipped into the above-described solution in air for approximately 
45 seconds and allowed to air dry to a constant weight of 57.6 g indicating that 2.1 g of the catalyst and cocatalyst had 
been adsorbed onto the glass fiber. 

Polymerization 

Silicon tetrachloride in amount of 8 ml of a 0.25 molar solution in 92.5/7.5 DCPD/ENB mixture was added under 
nitrogen lo 1 60 g ol a DCPD/ENB 92.5/7.5 mixture. The above described coated glass fiber mat was placed into a 22.86 
cm x 19.1 cm x 0.32 cm (9" x 7 1/2" x 1/8") aluminum cavity to 60'C at which time the monomer SiCI 4 solution was 
added. On opening the mold, it was observed that polymerization had occurred but that conversion was not complete 
in the center of the plaque indicating that the catalyst/cocalalyst was not homogeneously dispersed throughout the mat. 
This problem can be overcome by using a longer dipping time or by using a more concentrated solution of the catalyst 
and cocatalyst. 



Catalyst Solution Preparation 



A. 0.10 g WCI 6 was dissolved in 49 ml toluene under nitrogen. 

B. 0.04 g p-tert-butylphenoi was dissolved in 10 ml toluene. 

C. Solutions or dispersions A and B were combined and purged with nitrogen for 2 hours to remove HCl liberated. 

D. 0.028 ml of benzonitrile was added to C to prepare the catalyst solution. 
Preparation of Cocatalyst Solution 

One and one-half milliliters di-butyl ether was added to 1 29 ml DCPD to which had already been added 1 0.8 ml of 
a 0.5 molar solution of DEAC in a 92.5/7.5 DCPD/ENB solution. 

Glass Fiber 

50 g of commercially available silane-sized, chopped strand fiberglass was introduced into a clea^, dry sample 
** bottle which was placed in an oven at 140°C for 12 hours and then allowed to cool under nitrogen. 

Preparation of Coated Glass Fiber 

One half of the catalyst solution (D) was added to the test bottle containing the chopped glass strands and toluene 
was removed by evaporation to afford the glass coated with the catalyst. 

Thirty two grams acliva Lor/monomer solution was injected under nitrogen into the lest bottle containing glass strands 
coated with the catalyst. An immediate reaction followed as witnessed by a small exotherm. The bottle was placed in 
an oven at 105°C to drive the reaction to completion. After completion of the polymerization, the color of the catalyst 
had changed from red to brown and the polymer took the form of a hard mass in which the chopped glass fiber strands 
were firmly embedded. 

Example 6 

The remaining half of catalyst solution D described in Example 5 was added to a second test bottle containing a 
funher 50 g of chopped glass strands and toluene was removed by evaporation. The contents of the bottle : which 
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contained glass fiber strands coated with catalyst were then exposed to air and moisture by opening the bottle and 
exposing the conlenls to Ihe atmosphere for a period of 72 hours al ambient conditions. Afler Lhis period, the color of 
the coated glass had changed from red to brown. The bottle was then restoppered and 32 g of the activator/monomer 
solution was added at ambient temperature after which the bottle was placed in an oven at 140°C for a total of 120 
5 minutes. The greatest portion of the mass had solidified to afford a blue-colored mass but there was a little unconverted 
yellow liquid which formed a separate upper layer indicating that this particular catalyst system, in contrast to the air-sta- 
ble halogen-free metallate systems exemplified in examples 1 to 4, exhibits a certain degree of air-sensitivity even when 
adsorbed on to a glass-fiber support. 

io Example 7 

Aqueous Dispersion of Molvbdate Catalyst 

Two grams of Irislridecylammonium molybdale was dissolved in 5 grams ol methyl isobulyl ketone. Deionized water 
is in amount of 1 00 g was added to lorm a dispersion of catalyst. 

Preparation of Coated Mat 

A piece of Owens Corning 8608 glass fiber mat (about 13 \im fiber thickness) was dipped into the above solution 
20 for about 15 seconds, removed, and then dried in an air oven at 150°C for 30 minutes. The initial mat was white ;r, color. 
The coated mat was uniformly light yellow in color, demonstrating that the mat was coated with catalyst. 

Polymerization 

25 Two layers of the above mat were cut to fit into a 15.24- cm x 22.86 cm x 0.32 cm (6" x9"x 1/8^) aluminum cavity 

mold which was heated to about 60° C. The mold was purged with nitrogen and then the cocatafyst activator solution of 
Example 2 was introduced into the mold. The reaction was monitored by observing the temperature of the reaction 
mass. After the reaction mass had cooled in the mold, a completely solidified fiber reinforced plaque was removed 1rom 
the mold. 

30 

Example a 

Preparation of Catalyst and Film Former Sizing Dispersion 

35 One gram of tristridecylammonium tungstats was mixed with 5 g toluene, 15 g isopropanol, and 5 g Picon® 156 

resin. Ricon® 156 resin is a poly (sty rene- butadiene) resin supplied by Colorado Chemicals. Also, 100 g of deionized 
water was added with vigorous mixing to create a dispersion. 

Preparation of Treated Fibers 

40 

A 55 g portion of the sizing dispersion prepared above was mixed with 30 g of water-sized chopped fibers supplied 
by Owens Coming Fiberglas. The fibers were then dried for one hour in an airoven at 1 50°C, and then over night at 50° C. 

Polymerization 

45 

About 15 grams of treated fibers were placed in a jar under nitrogen at room temperature. Sufficient cocataiyst 
solution was added to the fibers, as described in example 2. No reaction was observed at room temperature after several 
minutes. But when the jar was placed in an oil bath at 80°C, polymerization with an exotherm above 150 a C occurred 
within four minutes. Conversion of monomer to polymer was judged to be high based on the hardness of the reaction 
50 mixture upon cooling. 



Claims 

55 1. Substrate having on its surface a coating selected from the group consisting ol ring opening metathesis catalysts, 
ring opening metathesis cocatalysle, and mixtures ther of wherein said substrate is selected from the group con- 
sisting of glass fibers, aramid fib rs, graphite fibers, and mixtures thereof. 
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2. Substrata of claim 1 wherein said metathesis catalyst is selected from the group consisting of halides, oxides, and 
oxyhalidesof tungsten, molybdenum and tantalum; organoarsonium, organophosphonium. and organoammonium 
molybdates and tungstates, heteropolymolybdates, heteropoiytungstatas; and mixtures thereof 

5 3. Substrate of claim 1 wherein said metathesis cocatalyst is selected from the group consisting of organoaiuminums. 
organic tin compounds; organic lead compounds, and mixtures thereof. 

4. Substrate of claim 2 wherein said organoammonium, organoarsonium, and organophosphonium molybdates and 
tungstaies are defined by the following formula: 

where Z is nitrogen, arsenic or phosphorus; M is molybdenum or tungsten; O is oxygen; x and y represent the 
number of M and O atoms in the molecule based on the valence of 46 for molybdenum, +6 for tungsten and -2 for 
oxygen, and R and R 1 are individually selected from hydrogen, alky I and alkylene groups of 1 to 20 carbon atoms, 
is and cycloaliphalic groups each of 5 to 16 carbon atoms. 

5. Reinforcing or filler material of claim 2 wherein said cocatalyst is air-insensitive and is selected from the group 
consisting of organic tin compounds, organic lead compounds, and mixtures thereof. 

20 6. Reinforcing or filler material of claim 5 wherein said cocatalyst is selected from the group consisting oi tmraaikyiiins. 
triak.Vltins hyuriucs, iciraaikyiicads, and mixtures thereof. 

7. Reinforcing or filler material of claim 6 wherein said cocatalyst is selected from the group consisting of tetrabutyltin, 
tributyltin hydride, tetraethyllead; and mixtures thereof. 

25 

8. Substrate of claim 3 wherein said organoaiuminums are defined by the following formulas: 

(R„ M°) a R^AIX C and (RO) a R^A!X c 

where M is selected Irom silicon, tin, germanium, lead, and aluminum, R and R 1 are individually selected from lower 
30 alkyl groups and phenyl groups, X is a halide selected from chloride and iodide, the sum of a, b and c is 3.0 with 

each parameter denoting the equivalents of the moieties in the cocatalyst. 

9. Substrate of claim 1 wherein said catalyst is selected from tungsten hexachloride, tungsten oxytetrachloride : tung- 
sten oxide, tridodecylammonium tungstate, methyltricaprylammonium tungstate, 1ri(tridecyl)ammonium tungstate ; 

35 trioctylammonium tungstate, molybdenum pentachloride, molybdenum oxytrichloride, tridodecylammonium molyb- 

date, methyltricaprylammonium molybdate, tri(tridecyl)amrrionium molybdata, trioctylammonium molybdate. and 
tantalum pentachloride; wherein said cocatalyst is selected from diethylaluminum halides, propoxyethylaluminum 
halides, tetrabutyl tin hydride, triphenyitin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride, tatra- 
ethyttin, tetrabutyltin, and mixtures thereof. 

40 

10. Substrate of claim 2 wherein said cocatalyst is selected from diethylaluminum chloride, dioctylaluminum iodide, and 
mixtures thereof; said cocatalyst is used with a reaction rate moderator selected from ethers, esters, ketones, alco- 
hols, and mixtures thereof, wherein molar ratio of said moderator to said cocatalyst is 1 : 1 .5 to 1 :5. 

45 11. Method of preparing a substrate with a coating thereon selected from ring-opening metathesis catalysts . ring-open- 
ing metathesis cocatalysts, and mixtures thereof, comprising applying said coating onto said substrate, and drying 
said substrate and wherein said substrata is sal acted from the group consisting of glass fibers, aramid fibers, graphite 
fibers, and mixtures thereof. 

50 12. Method of claim 11 wherein said metathesis catalyst is selected from the group consisting of halides, oxyhalides 
and oxides of tungsten, molybdenum and tantalum; organoarsonium, organophosphonium, and organoammonium 
molybdates and tungstaies; heteropolymolybdates; heteropolytungsfates; and mixtures thereof; and wherein said 
metathesis cocatalyst is selected from the group consisting essentially of organoaiuminums, organic tin compounds, 
organic lead compounds, and mixtures thereof. 

55 

13. Method of claim 12 wherein said aganoammonium, organoarsonium and organophosphonium molybdates and 
tungstates are defined by the following formula: 
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where Z is nitrogen, arsenic or phosphorus, M is molybdenum or lungslen. O is oxygen, x and y represent Lhe 
number of M and O atoms in the molecule based on the valence o1 +6 for molybdenum, +6 for tungslen and -2 for 
s oxygen, and R and R 1 are individually selected from hydrogen, alkyl and alkylene groups of 1 to 20 carbon atoms, 

and cycloaliphatic groups each of 5 to 1 6 carbon atoms. 

14. Method of claim 12 comprising applying said coating from an aqueous sizing composition which comprises an 
organosilane, lubricant antistatic agent, film forming resin, said coating : and water. 

70 

15. Method of claim 11 wherein said coating is dissolved in at least one norbomene-type monomer and said nor- 
bornene-type monomer is selected from the group consisting essentially ol norbomene, methylnorbomene. vinyl 
norbornene, ethylidenenorbornene, tatracyclododecene, methyttetracyclododQcene, dicyclopentadiene, trimors of 
cyclopentadienes, tetramers of cyclop entadienes : and mixtures thereof. 

15 

16. Method of claim 11 wherein amount of said metathesis catalyst and/or cocatalyst is 0.1 to 0.7 weight part per 100 
weight parts of said ai least one norbornene-type monomer. 

17. Method of claim 12 wherein said substrate is a glass fiber mat and said coating is applied to said mat by dipping 
20 said mat in an aqueous medium containing said coating. 

18. Method of claim 12 wherein said organeaiunriinurns are defined by the following lormulas: 

(R n MO) a R^AIX c and (RO) a R^AIX c 

25 where M is selected from silicon, tin, germanium, lead, and aluminum, R and R 1 are individually selected from lower 

alkyl groups and phenyl groups, X is a halide selected from chloride and iodide, the sum ol a, b and c is 3.0 with 
each parameter denoting the equivalents of the moieties in the cocatalyst; wherein said catalyst is selected Irom 
tungsten hexachloride, tungsten oxytetrachloride. tungsten oxide, tridodecylammonium tungstate, methyltricapry- 
lammonium tungstate, tri(tridecyl)ammonium tungstate, trioctylammonium tungstate : molybdenum pentachloride, 

30 molybdenum oxytrichloride, tridodecylammonium molybdate, methyltricaprylammanium molybdate i tri(tridecyl) 

ammonium molybdate, trioctylammonium molybdate, and tantalum pentachloride. 

19. Method of claim 12 wherein said cocatalyst is selected from diethylaluminum halides, propoxyethylaluminum hali- 
' des, tetrabutyl tin hydride, triphenyttin hydride, trimethyltin hydride, triethyttin hydride, tripropyltin hydride, tetrae- 

35 thyltin, tetrabutyltin, and mixtures thereof. 

20. Process of preparing a reinforced molded article comprising placing into a moid a substrate having thereon a com- 
ponent of a ring-opening metathesis catalyst system selected from the group consisting of a catalyst, cocatalyst, 
and mixtures thereof, introducing into the mold at least one norbornene-type monomer with the proviso that if the 
catalyst component or cocalalysl component is deposited on the substrate the monomer charge contains the com- 
plementary catalyst component or cocatalyst component to form the metathesis catalyst system allowing a 
ring-opening polymerization reaction by ring-opening of said at least one norbornene-type monomer to proceed in 
the mold, wherein said substrate is selected from the group consisting of glass fibers, aramid fibers, graphite fibers, 
and mixtures thereof. 

45 

21 . The process of claim 20 wherein said substrate is coated with the metathesis catalyst component and said monomer 
contains the metathesis catalyst component. 

22. The process of claim 20 wherein said substrate is coated with the metathesis cocatalyst component and said mon- 
50 omer contains the metathesis catalyst component 

23. Process of .anyone of claims 20 to 22 wherein said catalyst is selected from halides, oxyhalides and oxides of 
tungsten, molybdenum and tantalum; organoarsonium, organophosphonium and organoammonium molybdates 
and tungstates; heteropolymofybdates; heteropolytungstates; and mixtures thereof: and wherein said cocatalyst is 

55 selected from organoaluminums, crganotin compounds, organolead compounds, and mixtures thereof. 

24. Process of claim 23 wherein said organoammonium, organoarsonium and organophosphonium molybdates and 
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tungstaies are defined by the following formula: 

where Z is nitrogen, arsenic or phosphorus.. M is molybdenum or tungsten, O is oxygen, x and y represent the 
5 number of M and O atoms in the molecule based on the valence ot +6 for molybdenum. +6 for tungsten and -2 for 

oxygen, and R and R 1 are individually selected from hydrogen, alkyl and alkylene groups of 1 to 20 carbon atoms : 
and cycloaliphatic groups each of 5 to 16 carbon atoms. 

25. Process of claim 23 wherein said organoaluminums are defined by the following formulas: 

70 (R n MO) a R^ALX C and (RO) a R ^AIX C 

where M is selected from tin, lead : and aluminum, R and R 1 are individually selected from lower alkyl groups and 
phenyl groups, X is a halide selected from chloride and iodide, and the sum of a, b and c is 3.0 with each parameter 
denoting the equivalents of the moieties in the cocatalyst; wherein said organotin compounds are selected from 
« air-insensitive tetralkyltins and air-insensitive trialkyltin hydrides; and said organic lead compounds are selected 

from the group consisting of air-insensitive tetraalkyllead compounds. 

26. Process of claims 20 wherein said substrate is selected from the group consisting of glass fibers, aramid fibers, 
graphite fibers, and mixtures thereof; said process also including the step of introducing with said cocatalyst a 

20 halogen source selected Irom chlorosi lanes. 

27. Process ot any one of claims 20, and 23 to 25 wherein amount of catalyst is 0.05 to 1 weight part per 100 weight 
parts of said at least one norbomene-type monomer; wherein molar ratio of said cocatalyst to said catalyst is 0.1 
to 200; and wherein said amount of said halogen source is 0:1 to 2 miilimoles per mole of said monomer(s). 

25 

28. Process of any one of claims 20 to 22 and 27 wherein said norbomene-type monomer is selected from substituted 
' and unsubstituted 2-norbomenes, dicyclopemadienes, dihydrcdicyclopentadienes, trimers of eye lope ntadienes, 

tetramers of cyclopentadienes, tetracyclododecenes, and mixtures thereof. 

30 29. Process of claim 28 wherein said norbomene-type monomer is selected from norbornene, methylnorbornene, vinyl 
norbomene, ethylidenenorbornene, tetracyclododecene. methyltetracydododecene, dicyclopentadiene, trimer of 
cyclopentadiene, tetramer of cyclopentadiene. and mixtures thereof; and wherein said cocatalyst is selected Irom 
diethylaluminum halides, propoxyethylaluminum halides.-tetrabutyl tin hydride, triphenyltin hydride, trimethyltin 
hydride, triethyltin hydride, tripropyltin hydride,.tetraethyltin, tetrabutyttin, and mixtures thereof. 

35 

30. Process of claim 26 wherein said halogen source is tetrachiorosiiane; wherein said catalyst is selected from the 
' group consisting of tungsten hexachlorida tungsten oxytetrachloride : tungsten oxide : tridodecylammonium tung- 
state, methyrtricaprylammonium tungstate, tri(tridecyl)ammonium tungstate, trioctylammonium tungstate, molybde- 
num pentachloride, molybdenum oxytrichloride, tridodecylammonium molybdata methyltricaprylammonium molyb- 
40 dale, tri(lridecyl)ammonium molybdale. trice ly (ammonium molybdale, and lanlalum pentachloride. 



Patentanspruche 

45 1. Substrat mit etner Beschichtung auf seiner Oberflache, die aus der Gruppe ausgewahlt ist. die aus Ringoffnungs- 
metathesekatalysatoren, Ringoffnungsmetathesecokatalysatoren und Gemischen davon besteht, wobei das Sub- 
strat aus der Gruppe ausgewahlt ist, die aus Glasfasem, Aramidfasern, Graphitfasern und Gemischen davon 
besteht. 

so 2. Substrat gemaB Anspruch 1 , wobei der Metathesekatalysator aus der Gruppe ausgewahlt ist, die aus Halogeniden, 
Oxiden und Oxidhalogeniden von Wolfram, Motybdan und Tantal. Organoarsonium-, Organophosphonium- und 
Organoammoniummolybdaten und -wotframaten, Heteropolymolybdaten, Heteropolywolframaten und Gemischen 
davon besteht. 

55 3. Substrat gemaG Anspruch 1 , wobei der Metathesecokatalysator aus der Gruppe ausgewahlt ist, die aus Organo- 
aluminiumverbindungen, organischen Zinnverbindungen, organischen Bleiverbindungen und Gemischen davon 
best ht. 
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4. Substrat gemaG Anspruch 2, wobei die Organoammonium-. Organoarsonium- und Organophosphoniummoiybdate 
und -wolframale durch die folgende Formel definierl sind: 

5 wobei Z Stickstofl. Arsen Oder Phosphor ist, M Molybdan Oder Wolfram ist. O Sauerstoff ist, x und y di Zahl der 

M- bzw. O-Atome in dem Mol kul auf der Grundlage einer Wertigkeit von +6 1Qr Molybdan : +6 fur Wolfram und -2 
fur Sauerstoff darstellen und R und FP einzein aus Wasserstoff, Alkyl- und Alkylengruppen mit 1 bis 20 Kohlenstoff- 
atomcn und cycloaliphatischcn Gruppcn mit jowcits 5 bis 16 Kohlcnstoffatomon ausgewahlt sind. 

70 5. Verstarkungs- odor FQIlstoff gemaG Anspruch 2, wobei der Cokatalysator luftunempfindlich ist und aus der Gruppe 
ausgewahlt ist, die aus organischen Zinnverbindungen : organischen Bleiverbindungen und Gemischen davon 
besteht. 

6. Verstarkungs- oder Fullstoff gemaG Anspruch 5, wobei der Cokatalysator aus der Gruppe ausgewahlt ist, die aus 
is Tetraaikylzinnverbindungen, Trialkylzinnhydriden, Tetraalkyibleiverbindungen und Gemischen davon besteht. 

7. Verstarkungs- oder Fullstoff gemaG Anspruch 6. wobei der Cokatalysator aus der Gruppe ausgewahlt ist, die aus 
Tetrabutylzinn, Tributyizinnhydrid, Tetraethyiblei und Gemischen davon besteht. 

20 8. Substrat gemaG Anspruch 3, wobei die Organoaluminiumverbindungen durch die folgenden Formeln definiert sinrj; 

(R n MO) a R' b AIX c und (RO^R 1 b AIX c , 

wobei W! aus Siiicium, Zinn, Germanium, Blei und Aluminium ausgewahlt ist, Rund R 1 einzein aus Niederalkylgrup- 
pen und Phenylgruppen ausgewahlt sind, X ein Halogenid ist, das aus Chlorid und lodid ausgewahft ist, die Summe 
25 von a, b und c 3,0 isl, wobei jeder Parameter die Aquivalenle der SlruklureinheiLen in dem Cokatalysator angibl. 

9. Substrat gemaG Anspruch 1 . wobei der Katalysator aus Wolfram hexachlorid, Wolf ramoxidtetrachlorid. Wcfframoxid, 
Tridodecylammoniumwolframat, Methyltricaprylammoniumwolframat. Tri(tridecyl)ammoniumwolframat, Trioctylam- 
moniumwolframat, MolybdanpentachlonU Molybdanoxidtrichlorid, Tridodecylammoniummolybdat, Methyltricapryl- 
30 ammoniummoiybdat, Tri(tridecyl)ammoniummolybdat, Trioctylammoniummolybdat und Tantalpentachlorid ausge- 

wahlt ist wobei der Cokatalysator aus Diethylaluminiumhalogeniden, Propoxyethylaluminiumhalogeniden, Tetra- 
butylzinnhydrid, Triphenylzinnhydrid, Trimethylzinnhydrid, Triethyizinnhydrid, Tripropylzinnhydrid, Tetraethylzinn, 
Tetrabutylzinn und Gemischen davon ausgewahlt ist 

35 10. Substrat gemaG Anspruch 2, wobei der Cokatalysator aus Diethylaluminiumchlorid, Dioctylaluminiumiodid und 
Gemischen davon ausgewahlt ist und der Cokatalysator mit einem Reaktionsgeschwindigkeitsmoderator, der aus 
Elhern, Eslern, Kelonen, Alkoholen und Gemischen davon ausgewahll isl, verwendel wird, wobei das Stoffmen- 
genverhaltnis des Moderators 7u dem Cokatalysator 1 : 1 ,5 bis 1:5 betragt. 



40 11. Verfahren zur Herstellung eines Substrats mit einer Beschichtung darauf, die aus Ringoffnungsmetathesekataly- 
satorea Ringoffnungsmetathesecokatatysatoren und Gemischen davon ausgewahlt ist, umfassend das Auftragen 
der Beschichtung auf das Substrat und das Trocknen des Substrate, wobei das Substrat aus der Gruppe ausgewahlt 
ist, die aus Glaslasom, Aramidfasorn, Graph it fascm und Gemischen davon bostcht 

45 12. Verfahren gemaG Anspruch 11 , wobei der Metathesekataiysator aus der Gruppe ausgewahlt ist, die aus Haiogeni- 
den, Oxidhalogeniden und Oxiden von Wolfram, Molybdan und Tantal, Organoarsonium- : Organophosphonium- 
und Organoammoniummolybdaten und -wotframaten; Heteropolymolyoc&ten: Heteropolywolframaten und Gemi- 
schen davon besteht, und wobei der Metathesecokatalysator aus der Gruppe ausgewahlt ist, die im wesentlichen 
aus Organoaiuminiumverbindungen. organischen Zinnverbindungen, organischen Bleiverbindungen und Gemi- 

50 schen davon besteht. 

13. Verfahren gemaG Anspruch 12, wobei die Organoammonium-, Organoarsonium- und Organophosphoniummoiyb- 
date und -wolframate durch die folgende Formef definiert sind: 

wobei Z Stickstofl, Areen oder Phosphor ist, M Molybdan oder Wolfram ist, O Sauerstoff ist, x und y die Zahl der 
M- bzw. O-Atome in dem MolekOI auf der Grundlage einer Wertigkeit von 46 tOr Molybdarv 46 fOr Wolfram und -2 
f Or Sauerstoff darstellen und R und R 1 einzein aus Wasserstoff, Alkyl- und Alkylengruppen mit 1 bis 20 Kohlenstoff- 
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aiomen und cycloaliphatischen Gruppen mit jeweils 5 bis 16 Kohlenstoffatomen ausgewahlt sind. 

14. Verfahren gemaB Anspruch 12, umfassend das Auftragen der Beschichtung aus einer wafirigen Schtichte7usarri- 
mensetzung, die ein Organosilan, ein Gleitmittel, ein antistatisches Mittel, ein filmbildendes Harz, die Beschichtung 
und Wasser umfaBt 

15. Verfahren gemaB Anspruch 11, wobei die Beschichtung in wenigstens einem Monomer des Norbomentyps gelost 
' ist und das Monomer des Norbomentyps aus der Gruppe ausgewahlt ist die im wesentlichen aus Norbornen, 

Methylnorbomen, Vinylnorbomen, Ethylidennorbomen, Tetracyclododecen, Methyltetracyclododecen. Dicyclopen- 
tadien, Trimeren von Cyclopentadienen, Tetrameren von Cyclopentadienen und Gemischen davon besteht. 

16. Verfahren gemaB Anspruch 11 , wobei die Menge des Metathesekataiysalors und/oder -cokatalysators 0,1 bis 0,7 
Gewichtsteile pro 100 Gewichtsteile des wenigstens einen Monomers des Norbomentyps betragt. 

17. Verfahren gemaB Anspruch 12 : wobei das Substrat eine Glasfasermatte ist und die Beschichtung auf die Matte 
aufgetragen wird, indem man die Matte in ein waGriges Medium eintaucht. das die Beschichtung enthalt. 

18. Verfahren gemaB Anspruch 12 : wobei die Organoaluminiumverbindungen durch die folgenden Formeln definiert 
sind: 

wobei M aus Silicium, Zinn. Germanium, B!ei und Aiurr.ini urn aus gewahit 1st, R und R 1 einzeln aus Niederalkylgrup- 
pen und Phenylgruppen ausgewahlt sind, X ein Halogenid ist, das aus Chiorid und lodid ausgewahlt ist, die Summe 
von a b und c 3,0 1st, wobei jeder Parameter die Aquivalente der Suuktureinheiten in dem Cokataiysator angibt : 
wobei der Kalalysalor aus Woirramhexachlorid, Woirramoxidlelrachlorid, Woirramoxid. Tridodecylammoniumwoir- 
ramat, Methyltricaprylammoniumwolframat, Tri (tridecyl) ammoniumwolframat, Trioctylammoniumwolframat, 
Molybdanpentachlorid, Motybdanoxidtrichlorid, Tridodecylammoniummolybdat, Methyitricapryiammoniummolyb- 
dat, Tri^ridecyljammoniummolybdat, Trioctyiammoniummolybdat und Tantalpentachlorid ausgewahlt ist 

19. Verfahren gemaB Anspruch 12, wobei der Cokataiysator aus Diethylaluminiumhalogeniden t Propoxye1hylalumini- 
umhalogeniden, Tetrabutylzinnhydrid, Triphenylzinnhydrid, Trimethylzinnhydrid. Triethylzinnhydrid, Tripropylzinn- 
hydrid, Tetraethylzinn, Tetrabutylzinn und Gemi6chen davon ausgewahlt ist. 

20. Verfahren zur Herstellung eines verstarkten Formteiis, umfassend das Bringen eines Substrats, das eine Kompo- 
nente eines Ringoffnungsmetathesekataiysatorsystems trdgt, das aus der Gruppe ausgewahlt ist, die aus einem 
Katalysator, einem Cokataiysator und Gemischen davon besteht, in eine GieBform, das Einfuhren wenigstens eines 
Monomers des Norbornenlyps in die Form, mil der MaBgabe, daG die Monomer^harge, wenn die Kalalysalorkom- 
ponente oder Cokatalysatorkomponente auf dem Substrat abgeschieden ist, die komplementare Katalysatorkom- 
ponente bzw. Cokataiysatorkomponente enthalt, so daB das Metathesekatalysatorsystem gebildet wird. was das 
Ablaufen einer Ringoffnungspolymerisationsreaktion durch Ringoffnung von wenigstens einem Monomer des Nor- 
bomentyps in der Form erlaubt, wobei das Substrat aus der Gruppe ausgewahlt ist die aus Glasfasem, Aramidfa- 
sem, Graphitfasern und Gemischen davon besteht 

21. Verfahren gemaB Anspruch 20, wobei das Substrat mit der Metathesekatalysatorkomponente beschichtet ist und 
das Monomer die Metathesekatalysatorkomponente enthalt 

22. Verfahren gemaB Anspruch 20, wobei das Substrat mit der Metathesecokatalysatorkomponente beschichtet ist und 
das Monomer die Metathesekatalysatorkomponente enthalt 

23. Verfahren gemafl einem der Anspruche 20 bis 22, wobei der Katalysator aus Halogeniden, Oxidhaiogeniden und 
Oxiden von Wolfram, Molybdan und Tantai : Organoarsonium-. Organophosphonium- und Organoammoniummo- 
lybdaten und -wolf ramaten, Heteropolymolybdaten, Heteropolywotframaten und Gemischen davon ausgewahlt ist 
und der Cokataiysator aus Organoaluminiumverbindungen, Organozinnverbindungen, Organobleiverbindungen 
und Gemischen davon ausgewahlt ist 

24. Verfahren gemaB Anspruch 23, wobei die Organoammonium-, Organoarsonium- und Organophosphoniummolyb- 
date und -wolframate durch die folgende Formel definiert sind: 
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wobei Z Stickstofl. Arsen oder Phosphor ist, M Molybdan oder Wolfram ist, O Saueratoff ist x und y die Zahl der 
M- bzw. O-Atome in dem Moi kul auf der Grundlag einer Wertigkeit von +6 fur Molybdan, +6 fur Wolfram und -2 
5 fur Sauerstoff darstellen und R und FP einzeln aus Wasserstoff, Alkyl- und Alkylengruppen mit 1 bis 20 Kohlenstoff- 

atomen und cycioaliphatischen Gruppen mit jeweils 5 bis 16 Kohlenstoffatomen ausgewahlt sind. 

26. Vorfahron gcmaB Anspruch 23, woboi dio Organoaluminiumvcrbindungcn durch dio folgcndcn Formoln dotiniort 
sind: 

70 (R n MO) a R 1 b AlX c und (RO^R 1 b AIX c , 

wobei M aus Zinn, Blei und Aluminium ausgewahlt ist, R und R 1 einzelnausNiederaikylgruppenund Phenylgruppen 
ausgewahlt sind, X sin Halogenid ist, das aus Chlorid und lodid ausgewahlt ist, die Summe von a, b und c 3 : 0 ist, 
wobei jeder Parameter die Aquivalente der Struktureinheiten in dem Cokatalysator angibt, wobei die Organozinn- 

is verbindungen aus luftunempfindlichen Tetraalkylzinnverbindungen und luftunempfindlichen TriaJkylzinnhydriden 

ausgewahlt sind und die organischen Bleiverbindungen aus der Gruppe ausgewahlt sind, die aus luftunempfindli- 
chen Tetraalkylbleiverbindungen besteht. 

26. Verfahren gemaQ Anspruch 20, wobei das Substrat aus der Gruppe ausgewahlt ist die aus Glasfasera Aramidfa- 
20 sem, Graphitfasern und Gemischen davon besteht, und das Verfahren auch den Schritl des Einjuhrens cinsr aus 

Chlorsilanen ausgewahlten Halogennuelie mit dsm Coteiaiysaior umfaBt. 

27. Verfahren gemaG einem der AnsprOche 20 und 23 bis 25, wobei die Menge des Katalysators 0,05 bis 1 Gewichtsteil 
pro 100 Gewichtsteile des wenigstens einen Monomers des Norbornentyps betragt, wobei das Storfmengenver- 

25 hailnis des Cokalalysalors zu dem Kalalysalor 0, 1 zu 200 betragt und wobei die Menge der Halogenqueile 0 : 1 bis 

2 Millimol pro Mol des Monomers bzw. der Monomere betragt. 

28. Verfahren gemaG einem der Anspruche 20 bis 22 und 27* wobei das Monomerdes Norbornentyps aus substituierten 
und unsubstituierten 2-Norbornenen, Dicyclopentadienen, Dihydrodicyclopentadienen ; Trimeren von Cyclopenta- 

30 dienen, Tetrameren von Cyclopentadienen, Tetracyclododecenen und Gemischen davon ausgewahlt ist. 

29. Verfahren gemaG Anspruch 28, wobei das Monomer des Norbornentyps aus Norbomen, Methylnorbomen, Vinyi- 
norbornen, Ethylidennorbornen, Tetracyclododecen, Methyltetracyctododecen, Dicyclopentadien, Trimer von 
Cyclopentadiea Telramer von Cyclopentadien und Gemischen davon ausgewahlt ist und wobei der Cokatalysator 

35 aus Diethyialuminiumhalogeniden, Propoxyethylaluminiumhalogeniden, Tetrabutylzinnhydrid, Triphenylzinnhydrid, 

Trimethylzinnhydrid, TriethylzinnhydricL Tripropylzinnhydrid, Tetraethylzinn, Tetrabutylzinn und Gemischen davon 
ausgewahtl ist. 

50. Verfahren gemaG Anspruch 26, wobei es sich bei der Halogenqueile urn Tetrachlorsilan handelt, wobei der Kataly- 
40 sator aus der Gruppe ausgewahlt ist. die aus Wolf ramhexachlorid, Worframoxidtetrachlorid, Wolframoxid, Tridode- 

cylammoniumwolframat, Methyltrbaprylammoniumworframat, Tri(tridecyl) - ammoniumwolframat, Trioctylammoni- 
umwolframat, Molybdanpentachlorid. Molybdanoxidtrichlorid, Tridodecylammoniummolybdat, Methyltricaprylam- 
moniummofybdat, Tri(tridocyl) - ammoniummolybdat, Trioctylammoniummolybdat und Tantalpcntachlorid besteht. 

45 

Revendicalions 

1. Substrat ayant sur sa surface un revStement choisi parmi ie groupe contenant lies catalyseurs de metathese a 
ouveiture de cycle, les co-catalyseurs de metathese a ouverture de cycle et melanges, dans lequel ledit substrat 

so est choisi parmi Ie groupe comprenant les fibres de verre, les fibres d'aramide, les fibres de graphite et leurs melan- 

ges. 

2. Substrat selon la revendication 1 , dans lequel ledit catalyseur de metathese est choisi parmi Ie groupe comprenant 
les halogenures, les oxydes et les oxyhaJogenu res de tungstene, et tantale ; les molybdates et tungstates, hete>o- 

55 polymolybdatcs. hctcropolytungstatcs d'organoarscnium, d'organophosphonium ct d'organoammonium ct lours 

melanges. 

3. Substrat selon la revendication 1 , dans lequel ledit co-catatyseur de metathese est choisi parmi Ie groupe compre- 
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nam les organo-aluminiums, les composes organiques d'etaia les composes organiques de plomb et leurs melan- 
ges. 

4. Substrat selon la revendication 2, dans lequel lesdits molybdates et tungstates d'organoammonium, d'organoarse- 
5 nium et d'organophosphonium sont definis par la formule suivante : 

( 2y-6x) KO, [H 1 3 ZH] (2y . 6x) M x O y 
dans laqucllo Z est Pazoto, I'arsonic ou lo phosphorc M ost lo molybdonc ou lo tungstene, O est Poxygcnc ; x 
et y repr6senteni le nombre d'atomes de M et O dans la molecule, caiculd sur la de 46 pour le molybdene, +6 pour 
70 le tungstene et -2 pour I'oxygene, et R et R 1 sont choisis individuellement parmi I'hydrogene, des groupes alkyle et 

alkylene ayant de 1 a 20 atomes de carbons et des groupes cycloaliphatlque ayant chacun de 5 ai6 atomes de 
carbon e. 

5. Materiau de renforcement ou de charge selon la revendication 2, dans lequel ledit co-catalyseur est revendication 
is 2, dans lequel ledit co-catalyseur est insensible a Pair et est choisi parmi le groupe comprenant les composes 

organiques detain, les composes organiques de plomb et leurs melanges. 

6. Materiau de renforcement ou de charge selon la revendication 5, dans lequel ledit co-catalyseur est choisi parmi 
le groupe comprenant les tetra-alkyletains : les hydrures de trialkyletains, les tetra-alkyiplombs et leurs melanges. 

20 

7. Materiau de renforcement ou de charge selon la revendication 6 ; dsns Isqusi iodii co-catalyseur est choisi parmi 
le groupe comnrenant Ic tetrauuiyietajn, I'hydrure de tributyletain, le tetraethylplomb et- leurs melanges. 

6. Substrat selon la revendication 3, dans lequel lesdits organo-aluminiums sont par les formules suivantes : 
25 (R n MO) a R 1 b AlX c et (RO) a R 1 b AIX c 

ou M est choisi parmi le siiicium. i'&ain, le germanium, le plomb et I'aluminium. R et R 1 sont choisis indivi- 
duellement parmi les groupes alkyle inf erieurs et les groupes phenyles, X est un halogenure choisi parmi un chlorure 
et un iodure : la somme de a ; b et c est 30, chaque parametre designant les Equivalents des fractions dans le 
30 co-catatyseur. 

9. Substrat selon la revendication 1 , dans lequel ledrt catatyseur est choisi parmi I'hexachlorure de tungstene, I'oxy- 
tetrachlorure de tungstene : I'oxyde de tungstene, le tungstate de tridodecylammonium, le tungstate de methyltrica- 
prylammonium : le tungstate de iri(tridecyl)ammonium, le tungstate de trioctylammonium, le pentachlorure de moly- 

35 bdene, I'oxytrichlorure de molybdene, le molybdate de tridodecylammonium, le molybdate de methyltricaprylam- 

monium : le molybdate de tri(tridecyl)anrtmonium, le molybdate de trioctylammonium et le pentachlorure de iantale : 
dans lequel ledit co-catalyseur est choisi parmi les halogenures de dielhylaluminium, les halogenures de propoxye- 
thylaluminium, I'hydrure de tetrabutyietain, Phydrure de trtphenyletain, Phydrure de trim&hyletain, I'hydrure de tri6- 
thytetain, I'hydrure de tripropyletain, le tetradthyletain, le tetrabutyletain et leurs melanges. 

40 

10. Substrat selon la revendication 2 : dans lequel ledit co-catalyseur est choisi le chlorure de diethylaluminium : Piodure 
de dioctylaluminium et leurs melanges ; ledit co-catalyseur est utilise avec un moderateur de vitesse de reaction 
choisi parmi les ethers, los ostors, les cctoncs, los alcools ol lours melanges, dans Icquol lo rapport molairo dudit 
moderateur audit co-catalyseur est de 1:1 ,5 a 1:5. 

45 

11. Precede de preparation d'un substrat avec un revetement sur celui-ci chosi parmi les catalyseurs de metathese a 
ouverture de cycie : les co-catalyseurs de metathese a ouverture de cycle, et leurs melanges consistant a appliquer 
ledit revetement sur ledit substrat et a secher lad it substrat et dans lequel ledit substrat est choisi parmi le groupe 
comprenant les fibres de verre, les fibres d'aramide, les fibres de graphite et leurs melanges. 

so 

12. Procede selon la revendication 11 , dans lequel ledit catalyseur de metathese est choisi parmi le groupe comprenant 
les halogenures, les oxydes et les oxyhalogenures de tungstene, molybdene et tantale ; les molybdates et tungs- 
tates, heteropolymolybdates, heteropolytungstates d'organoarsenium. d'organophosphonium et d'organoammo- 
nium et leurs melanges et dans lequel ledit co-catalyseur de metathese est choisi parmi le groupe comprenant 

55 csscnticllcmcnt les organo-aluminiums, les composes organiques d'etain, les composes organiques de plomb et 

leurs melanges. 

13. Precede selon la revendication 12, dans lequel lesdits molybdates et tungstates d'organoammonium, d'organoar- 
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senium et d'organophosphonium sont d6finis par la formule suivante : 

P4^(2y^x)Mx O yP 1 0 ZH ](^x,M x O y 

dans laquelle Z est Pazot , I'arsenic ou I phosphore M est !e molybdene ou ie tungstens, O est I'oxygene ; x 
et y represented le nombre d'atomes de M etO dans la molecule, calcule sur la valence de +6 pour le molybdene, 
+6 pour le tungstene et -2 pour I'oxygene, et R t FP sont choisis individueOement parmi I'hydrogene, des groupes 
atkyie et alkylene ayant de 1 a 20 atomes de carbone et des groupes cycloaliphatiques ayant.chacun de 5 al6 
atomcs do carbone. 

14. Procede selon la revendication 12 consistant a appliquer ledit revetement a partir cfune composition d'appret 
aqueuse qui comprend un organosilane, un lubrifiant : un agent antistatique, une resine fiimogena ledit revfiiement 
et de i'eau. 

15. Proc6d6 selon la revendtcation 11, dans lequei ledit revetement est dissous dans au moins un monomere de type 
norbornene et ledit monomere de type norbornene est choisi parmi le groupe se composant essentiellement de 
norbornene, de m6thylnorbornene, de vinylnorbornene, d'athylidenenorbomene. de tetracyclododecene, de m$thyl- 
tetracyclododecene, de dicyclopentadiene, de trimeres de cyclopentadienes, de tetrameres de cyclopentadienes 
et de leurs melanges. 

16. Proceed selon la revendication 11, dans lequei la quantity dudit catalyseur et/ou co-catalyseur de m&athese est 
de 0, 1 a 0,7 partie en poids pour 100 parties en poids dudit (ou desdits) moncmcrcjs) de type norbornene. 

1 7. Procede selon la revendication 1 2. dans Isquei iedii substral est un mat de fibres de verre et ledit revetement est 
applique' audit mat en plongeant ledit mat dans un miOeu aqueux contenant ledit revdtement. 

18. Precede selon la revendication 12, dans lequei lesdits organo-aluminiums sont dSfinis par les formules suh/antes : 

(R B MO) a R 1 b AIX c et (RO) a R 1 b AIX C 

ou M est choisi parmi le silicium, retain, le germanium, le plomb et raluminium, R et R 1 sont choisis indivi- 
duellement parmi les groupes alkyle inferieurs et lee groupes phenyles, Xest un halogenure choisi parmi un chlorure 
et un iodure, la somme de a, b et c est 3 : 0, chaque parametre designant les equivalents des tractions dans le 
co-catalyse ur : dans lequei ledit catalyseur est choisi parmi I'hexachlorure de tungstene, I'oxytetrachlorure de tungs- 
tene, roxydade tungstene, letungstatede tridodecylammonium, letungslatedem6thyltricaprylammonium, letungs- 
tate de tri(tridecyl)ammonium, le tungstate de trioctylammonium : le pentachlorure de molybdene, roxytrichiorure 
de molybdene, le molybdate de tridodecylammonium, le molybdate de m^thyltricaprylammonium, le molybdate de 
tri(tridecyl)ammonium : le molybdate de trioctylammonium et le pentachlorure de tantale. 

19. Procede selon la revendication 12, dans lequei ledit co-catalyseur est choisi parmi les halogenures de di6thylalu- 
minium, les halogenures de propoxy&hy "aluminium, I'hydrure de tetrabutylStatn, I'hydrure de triphenyletain, 
I'hydrure de trimethyleiain, I'hydrure de triethyletain, I'hydrure de tripropyletain, le tetraethyfetain, le tetrabutyletain 
et leurs melanges. 

20. Proccdo do preparation d'un articlo mould ronforco consistant a placer dans un moulo un substrat ayant sur eclui-ci 
un composant d'un systeme de catalyseur de m6tathese a ouverture de cycle choisi parmi le groupe comprenant 
un catalyseur, un co-cotalyseur et leurs melanges, a introduire dans le moule au moins un monomere de type 
norbornene a condition que si le composant de catalyseur ou le composant de co-catalyseur est depose sur le 
substrat, la charge de monomere renferme le composant de catalyseur ou le composant de co-catalyseur compl6- 
mentaire pour former le systeme de catalyseur de m6tathese permettant a une reaction de polymerisation a ouver- 
ture de cycle par ouverture de cycle dudit (ou desdits) monomeie(s) da type noibornene d'etre mise en oeuvre dans 
le moule, dans lequei ledit substrat est choisi parmi le groupe comprenant les fibres de verre, les fibres d'aramide, 
les fibres de graphite et leurs melanges. 

21. Le procede selon la revendication 20, dans lequei ledit substrat est enrobe avec le composant de catalyseur de 
m^tathese et ledit monomere renferme le composant de catalyseur de mStalhese. 

22. Le proc6d6 selon la revendtcation 20 t dan6 lequei ledit substrat est enrobe* avec le composant de co-catalyseur de 
m6tathese et ledit monomere renlerme le composant de catalyseur de m6thathese. 
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23. Procede selon I'une quelconque des revend cations 20 k 22, dans lequel lodit catalyseur est choisi parmi les halog6- 
nures, les oxydes el les axyhalogenures de lungs lene. molybdene el lanlale ; les molybdales el tungslaies, hele- 
ropolymolybdates, heteropolytungstates d'organoarsenium, d'organophosphonium at d'organoammonium t leurs 
melanges ; et dans lequel ledit co-catalyseur est choisi parmi les organo-aluminiums, les composes organiques 
d'etain, les composes organiques de plomb et leurs melanges. 

24. Procede selon la revendication 23, dans lequel lesdits molybdates et tungstates d'organoammonium, d'organoar- 
senium el d'organophosphonium sont definis par la formule suivante : 

P4Z]( 2 y-6x) M x°y P ' 3^1 (2y-6x) M x°y 

dans laquelle Z est I'a20te : I'arsenic ou le phosphor© M est Id molybdene ou le tungstene, O est I'oxygene ; 
X et y represented le nombre d'atomes de M et O dans la molecule, calcule sur la valence de 46 pour le molybdene, 
•f-6 pour le tungstene et -2 pour I'oxygene, et R et R 1 sont choisis individuellement parmi I'hydrogene, des groupes 
alkyle et alkylene ayant de 1 k 20 atomes de caibone et des groupes cycloaliphatiques ayant chacun de 5 k 16 
atomes de car bone. 

25. Procede seton la revendication 23, dans lequel lesdits organo-aluminiums sont definis par les formules suivantes : 

(R n MO} a R 1 b AIX C et (RO) a R 1 b AIX C 

ou M est choisi parmi retain, le plomb et Paluminium, R et R 1 sont choisis individuellement parmi les groupes 
alkyle inferieurs et les groupes phenyles, X est un halogen ure choisi norm; chiorure ei un iodure et la somrne 
de a. b : e est 3,0, chsqus parametre aesignant les equivalents des tractions dans Ifi co-catalyssurs ; dans iequel 
lesdits composes organiques d'etain sont choisis parmi les tetra-alkyl6tains unsensibles k I'air et les hydrures de 
tri-alkyletain insensibles k I'air ; et lesdits composes de plomb organiques sont choisis parmi le groupe comprenant 
les composes de lelra-alkyl-plomb insensibles a I'air. 

26. Procede selon la revendication 20 ; dans lequel ledit substrat est choisi parmi le groupe comprenant les fibres de 
verre.les fibres d'aramide, les fibres de graphite et leurs melanges; ledit procede comprenant egalement Petape 
d'introduction avec ledit co-catalyseur d'une source d'halogene choisie parmi les chlorosilanes. 

27. Procede selon I'une quelconque des revendications 20 et 23 k 25, dans lequel la quantite de catalyseur est de 0,05 
k 1 partie en poids pour 100 parties en poids dudit (ou desdits) monomere(s) de type norbomdne ; dans lequel le 
rapport molaire dudit co-catalyseur audit catalyseur est de 0,1 k 200 ; et dans lequel tadita quantite de ladite source 
d'halogene est de 0 : 1 k 2 millimoles par mole dudit (ou desdits) monomere(s). 

28. Proc6d6 selon I'une quelconque des revendications 20 k 22 et 27. dans iequel ledit monomeres de type norbornene 
esl choisi parmi les 2-norbornenes subslilues el non subslilues, les dicyclopenladienes, les dihydrodicyclopenla- 
dienes, les trimeres de cyclopentadienes, les tetra meres de cyctopentadienes, les tetracyciododecenes et leurs 
melanges. 

29. Procede selon la revendication 28, dans lequel ledit monomere de type norbornene est choisi parmi le norbornene. 
le methylnorbomene, le vinyinorbornene ; I'ethylidenenorbornene, le letracyclododecene. le methyltetracyclodode- 
ccnc.lc dicyclopcntadicno, un trimorc do cyclopcntadicno, un totrambro do cyclopontadibno ct leurs melanges ct 
dans lequel ledit co-catalyseur est choisi parmi les halogenures de dielhylaluminium, les halogenures de propoxye- 
thylaluminium, I'hydrure de telrabutyletain, I'hydrure de triphenyletain, I'hydrure de trimethyletain, I'hydrure de trie- 
thyletain, I'hydrure de iripropyletain, le tetraethyletain, le tetrabutyletain et leurs melanges. 

30. Procede selon la revendication 26, dans loquel ladite source d'halogene est le tetrachlorosilane ; dans lequel ledit 
catalyseur est choisi parmi I'hexachlorure de tungstene, l , oxyt6lrachlorure de tungstens, I'cocyde de tungstene, le 
tungstatede tridodecylammonium, le tungstate de melhyltricaprylammonium, le tungstatede tri(tridecyl)ammonium, 
le tungstate de trioctylammonium, le pentachlorure de molybdene, I'oxytrichlorure de molybdene. le molybdate de 
tridodecylammonium, le molybdate de m6thyltricaprylammonium, le molybdate de tri(1ridecyl)ammonium, le moly- 
bdate de trioctylammonium et le pentachlorure de tantale. 
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